In present review we have focused various issues like solubility limit, magnetic interaction and conduction mechanism of rare earth doped ferrite. Cumulative effects of valence state, magnetic moments of rare earth ions, weakening/strengthening of exchange interaction and magnetic ordering in rare earth ion doped ferrite are responsible for magnetic behavior. It is proposed that characterization techniques based on synchrotron radiation like X-ray absorption spectroscopy and X-ray magnetic circular dichroism can open pathways to prove these assumptions.
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1.INTRODUCTION
Spinel ferrites are ferrimagnetic material which have numerous technological applications [1] [2] [3] . Moreover, nanoparticles of these ferrites are being utilized in high-density magnetic information storage, magnetic resonance imaging, drug delivery etc. [4] [5] [6] . These several applications are based on magnetic and electrical behavior of ferrites [1] [2] [3] [4] [5] [6] . These properties depend on various factors like, ionic radii, nature of hybridization, presence of doped atom in host lattice apart from the particle size [7] [8] [9] [10] . Thus, research is being carried out for doped ferrite systems in order to understand the altered behavior and to optimize them for different applications [11] [12] [13] [14] [15] . In recent years, rare earth (RE) doped ferrites become interesting due to their superiority for various applications over other doped ferrite systems [17] [18] [19] [20] [21] [22] . These systems become radioactive and exhibit potentential for biomedical applications [19] along-with efficient tumor passive targeting [23] . Improved capability of dye removal [24] , waste water treatment [25] , degradation of organic pollutants through photocatalytic activity [26] are other important fields of utilization of these ferrites. These ferrites exhibit enhanced magneto optical kerr (MOKE) effect [20] and excellent microwave absorption properties [21, 22] . Thus, these ferrites cover a wide range of applications chiefly based on their magnetic characteristics [17] [18] [19] [20] [21] [22] [23] [24] [25] . However, there is lack of understanding of magnetic interaction, conduction mechanism inside these ferrites [15, 16] . Thus purpose of this review article is to discuss these issues and to give prospects for future research in this direction.
SPINEL FERRITE
The general formula for spinel ferrite is MO:Fe2O3 where, M is a divalent transition metal ion. Spinel name is given due to resemblance of structure of these ferrites with mineral spinel MgO.Al2O3. In this structure, oxygen ions are packed quite close together in face centred cubic arrangement and metal ions occupy spaces between them (Fig. 1) . These spaces are categorized as tetrahedral (A) and octahedral (B) sites when surrounded by four and six oxygen ions respectively (Fig. 1) .
In a unit cell of spinel ferrite, there exists 64 and 32 A and B-sites respectively. Only 1/8 th and 1/2 th of A and B-sites are occupied [27] . Metal ions are distributed among A and B-sites. On the basis of metal ion distribution among these sites, structural formula of [28] . For half filled 3d shell, with spherical symmetry, preference is decided by influence of crystalline electric field originating from neighboring ions on the average energy levels and the spatial distribution of the 3d charges [29] . Depending upon occupancy of A and B sites, ferrites are classified as follows [30] ( and M 2+ ions respectively. Magnetization of these ferrites are complicated by spin-canting effect and corner sharing spins [16] . These factors dominately affects magnetic behavior of nanosized ferrites. Ferrites exhibit semiconducting behavior. The electrical behavior of these ferrites is explained on the basis of hopping mechanism. [31, 32] . Bulk ferrite is synhtesized using soild state reaction method [16] . This method requires calcination followed by high sintering temperature. Nanoparticles of ferrites are synthesized from bulk ferrite using mechanical milling [33] . Ball milling assisted solid state reaction is also reported for synthesis of these ferrites [34] .Other methods, that are commonly used, are modified sol-gel method [35] , co-precipitation method, combustion synthesis [36] , citrate precursor route [ 37] . Ferrite thin films are deposited using rf sputtering method [ 38] , pulsed laser deposition [ 39] . Pulsed lased deposition of ferrite films provides better control over stoichiometry [40] .
RARE EARTH (RE) ELEMENTS
It is a group of seventeen chemical elements that occur together in the periodic table. This group consists of yttrium and the 15 lanthanide elements (La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Th, Yb, and Lu). Sometimes, Sc is also referred as RE element [41] . Fig. 2 shows magnetic moments and radii of RE elements and ions [42] (Figure 2 ).
RARE EARTH (RE) DOPED FERRITE
RE doped ferrites are synthesized by the same methods that are used for synthesizing either bulk ferrite or nanoferrite. RE compounds with RE 3+ are appropriate for doping purpose. RE 3+ ions prefer Bsite inside spinel structure [17] [18] [19] . RE doped ferrites deals with the following issues.
SOLUBILITY IN SPINEL LATTICE
RE ions possess larger radii than M 2+ and Fe 3+ ions ( Fig. 2 and Table  1 ). Due to this, these ions produce lattice distortion. These ions can produce impure phase in spinel lattice if RE 3+ ion concentration exceeds a particular limit. This limit of doping concentration is termed as solubility limit which depends on method of synthesis and thermal treatment given to ferrite. 
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These ferrites when synthesized using ceramic methods/solid state reaction method produce impure phases. This behaviour is observed for Ni0.7Zn0.3Fe1.98R0.02O4 (RE=Yb, Er, Dy, Tb, Gd, Sm and Ce) and Mn0.5Zn0.5REyFe2O4 ( RE=Dy, Gd, Sm, Ce, and La) when synthesized using ceramic method [43, 44] . These secondary phases are orthoferrite and oxides of RE. Presence of these impure phases is explained on the basis of radii of constituent ions (Fig. 2) . Due to larger radii RE ions cannot completely substitute Fe 3+ ion. These ions occupy grain boundaries instead of spinel lattice and form secondary phases after interaction with other ions present in grain boundaries [43, 44] . Presence of RE ions also inhibits grain growth and effect is evidenced by number of authors [43] [44] [45] . Solubility limit of RE 3+ ions is enhanced in chemically synthesized RE ferrites. Presence of secondary phases after certain concentration of RE 3+ ions is observed in Mn0.5Zn0.5RE0.05Fe1.95O4 (where RE = Tb, La, Ce and Th) [45] and Ni0.5Zn0.5Fe2−xSmxO4 (x=0.0, 0.05, and 0.1) when synthesized using combustion method [46] . Sol-gel synthesis of CoFe2-xRExO4 (RE: Ho, Er, Tm, Yb, Lu) ferrite nanocrystalline films leads to presence of spinel phase with slightly enlarged cell constants and impure phase appear after RE ions concentration of 0.2 [47] , however, Eu-doped ZnFe2O4 nanoparticles synthesized using same method exhibit onset of impure phase for concentration of 0.03 [48] .
Thus, chemical methods provide better alternative solution to obtain pure spinel phase ferrite, however, annealing at higher temperature also produce impure phases. Sintering at higher temperatures of Ni0.50Zn0.51Fe1.96R0.04O4+δ (R=Pr, Nd, Eu, Ho, Tm, Lu) forms of various rare earth iron oxides in the ferrite [49] . Ni0.5Zn0.5SmxFe2-xO4 ferrites when treated at 600°C, exhibit single spinel ferrite phase but calcination carried out at 800 and 1000°C results presence of small amount of SmFeO3 [50] . Thus, a proper control over method of synthesis and heat treatment is required to obtain RE ferrite with high solubility limit.
In fig. 3 we have shown the XRD results for NiFe2−xCexO4 system exhibits an impure phase of rare earth oxide at concentration 0.10 [51] . Moreover, solubility of RE ions to spinel lattice depends on the radii of these ions. Ce ions when doped to nickel ferrite using modified sol-gel method exhibits solubility limit of 0.10. Dy doped cobalt ferrite when synthesized using this method exhibits solubility limit more than 0.15 [52] . Thus methods involving nitrates of metal ions in citric acid matrix appears to be better alternate to synthesize RE doped ferrite. The detailed procedure of this method is published elsewhere [32, 48, 52] .
MAGNETIC STUDIES
Decrease in magnetic loss tangent in RE (Yb, Er, Sm, Tb, Gd, Dy and Ce) doped Ni0.7Zn0.3Fe2O4 ferrite [53] , Ni0.4Zn0.6Fe2−xNdxO4(x = 0-0.07) [54] and (Ni0.25Cu0.20Zn0.55)LaxFe2−xO4 ferrite (x=0.00, 0.025, 0.050 and 0.075) [55] favor to obtain these ferrite for high frequency applications. These ferrites being important materials exhibit lack of understanding of magnetic interaction. To discuss magnetic interaction inside these ferrites following issues are considered.
CHANGE OF MAGNETIC PARAMETERS ON THE BASIS OF MAGNETIC MOMENT OF RE IONS
As mentioned in previous section RE ions exhibit preference to Bsite, thus according to equation (1) , magnetization of RE doped ferrite can be explained on the basis of magnetic moment of RE ions. It is shown experimentally that change of saturation magnetization Appl. Sci. Lett. 2(1) 2016, 03-11 www.appslett. [69] [70] [71] . Thus these studies show that magnetization of RE doped ferrite cannot be explained on the basis of magnetic moment of RE ions. Due to larger ionic radii, RE ions produce structural distortion in RE doped ferrite which gives rise to magnetic hardening of these ferrite. Thus RE doping to spinel ferrite enhances coercive force of spinel ferrite. This effect is observed for RE (Gd, Tb, Dy) doped cobalt spinel ferrite [18, 72] , Nd 3+ doped ferrites [73, 74] . The substitution of RE ions (La, Ce, Nd, Sm, Eu, Gd, Tb, and Ho) in cobalt ferrite causes reduction of the TB [75] . Small amounts of dopant species (atomic fractions of 0.01 for Gd 3+ or 0.007 for Yb 3+ ) in CoFe2O4 causes an increase in coercivity from 3.8 kOe (pure ferrite) up to 5.0 kOe [76] . Effect on blocking temperature and co-orcievity of cobalt ferrite were studied by Kahan and Zhang [18] . The variation of these parameters is discussed in terms of nature of RE ions. Both the magnetic moments and number of unpaired electron in f-orbitals are unsuccesfull to explain tailerod behavior induced by RE ion (Fig.  4) . Thus nature of RE ions is unable to explain change of magnetic parameters like saturation magnetization, co-ercievity and blocking temperature.
CHANGE OF EXCHANGE INTERACTION
It is known that magnetic properties of exchange interaction among A and B sites beside the magnetic moments of constituent ions. These ions when doped to ferrite affect the A-B exchange interaction which determine the magnetization of RE doped ferrite. Presence of Gd 3+ ions in spinel ferrite weakens the A-B interaction between A and B sites. The effect of change of exchange interaction is explained using electron paramagnetic resonance spectroscopy [51, 64] . Fig. 5 shows that doping of Gd and Ce to NiFe2O4 reduces the line width (∆HPP) and g-value in comparison to that of pure nickel ferrite. Reduction of these parameters is correlated with weakening of exchange interaction [51, 64] . Same effect of RE 3+ ions induced weakening of magnetic interaction is observed for CoRExFe2−xO4 (where, RE=Nd, Sm and Gd and x=0.1 and 0.2) [17] . Presence of Dy 3+ ions results in the weak super-exchange interactions in ferrites [77] . Slight increase of magnetic strength is observed for CoFe2-xYxO4 (x=0, 0.1, 0.3, 0.5) and Zn0.5Ni0.5R0.02Fe1.98O4 (R=Y, Gd and Eu) with respect to their undoped counterparts [78, 79] . Other factors which may be considered are spin-orbit coupling and 3d-4f coupling. Spin-orbit coupling effect dominates in RE ions [18] . 3d-4f interaction alongwith 3d-3d interaction in ferrties will play important to manuplate the magnetic and electrical properties of these ferrites.
STATE OF MAGNETIZATION OF FERRITE
It is well known that magnetic properties of ferrites show ferrimagnetism, however, when synthesized using chemical methods magnetic ordering is not well established. Thus magnetic behavior of these ferrites needs to be properly explained. Mgferrite doped with Dy 3+ exhibits surface spin disorder (spin frustration) that comes from mainly antiferromagnetic interactions between the neighboring spins in the magnetic grains. Magnetization of CoRxFe2-xO4 (R=Gd and Pr and x = 0, 0.1 and 0.2) is attributed to the presence of superparamagnetic domains as well as canting at the surface [80] . (Li0.5Fe0.5)0.4Ni0.6SmyFe2−yO4, where 0.0≤y≤0.1 synthesized using double sintering ceramic technique exhibit increase of saturation magnetization with sintering 
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Appl. Sci. Lett. 2(1) 2016, 03-11 www.appslett.com Copyright 2016 Asian Scientific Publishers REVIEW ARTICLE temperature due to pinning of domain walls by non-magnetic inclusions, precipitates and voids. [81] . Superparamagnetic behavior at room temperature is reported for Fe3O4/γ-Fe2O3, Fe2.85Y0.15O4, Fe2.55In0.45O4, Fe2.85Gd0.15O4 and Fe2.85Tm0.15O4 [82] as well as for CoFe2−xGdxO4 (x = 0, 0.03, 0.05, 0.07, 0.1) [83] . The broadening of zero field cooled (ZFC) magnetization and more than one maximum indicates coexistence of short-range ferrimagnetic clusters of different size with a longrange ferrimagnetic phase [84] . This behavior is studied by thermal magnetic measurments for CoO.Fe1.925La0.075O3 and CoO.Fe1.925Dy0.075O3 materials (Fig. 6 ).
4.2.4DISTRIBUTION OF RE 3+ AND OTHER METAL IONS IN RE DOPED FERRITE
Moreover, RE ions occupy B-site, however, this is not case for all RE 3+ ions. Tb 3+ ions prefer tetrahedral site when doped in cobalt ferrite as investigated using Mössbauer spectroscopic study [85] . Cation redistribution occurs after introduction of RE ions to cobalt ferrite lattice [86] .
ELECTRICAL AND DIELECTRIC PROPERTIES
Conduction mechanism is explained on the basis of electron hopping between Fe 3+ and Fe 2+ ions on octahedral site. Hopping mechanism successfully explains conducting behavior in Cl0.5Zn0.5Fe1-xRxO4 (x=0.4 and x=1); (R=La, Nd, Sm, Gd and Dy) [87] , Mg1−xNixFe2−ySmyO4 (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0; y = 0.0, 0.05, 0.1) [88] , RE doped NixFe(3−x)O4 [89] . As discussed earlier, RE 3+ diffuse towards grain boundaries in ferrite, this causes formation of non conducting layers in grain boundaries. Thus ferrites grains are separated by an insulating layers which causes electrical resistivity of RE doped ferrite to enhance. This effect is observed in Mn0.55Zn0.45GdxFe2−xO4, (Where, x = 0, 0.01, 0.03, 0.05 and 0.08) [90] , NiPr2xFe2-2xO4 (where x = 0 to 0.10 in steps of 0.02) [91] , CoFe2−xGdxO4 (x=0.00-0.40) [92] . RE ions with relatively smaller radii have less tendency of diffusing towards grain boundaries, hence exhibit decrease in electrical resistivity. This behavior is observed for Mg1−xNixFe2−ySmyO4 (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0; y = 0.0, 0.05, 0.1) [88] . When Ni-Zn ferrite is doped with La, Yb, Dy and Ce ions, highest electrical resistivity is reported for La substituted ferrite [93] . In analogy with these effects, DC electrical resistivity decreases for x=0.025 then increases up to x=0.1 for Gd 3+ doped nanocrystalline Co-ferrites CoGdxFe2-xO4 (x = 0.0 to 0.1). Dielectric constant (ɛ) and dielectric loss (tanδ) decrease with increase in frequency of Sm doped Mg-Ni-Zn ferrite and explain on decrease dielectric properties of Mg1−xNixFe2−ySmyO4 (x = 0, 0.2, 0.4, 0.6, 0.8, 1.0; y = 0.0, 0.05, 0.1) and explained on the basis of Maxwell-Wagner's two layer model [88] . Dielectric properties of Ni0.5Zn0.5RyFe2−yO4; 0.0≤y≤0.9,( R=La, Yb, Dy and Ce) decreases with introduction of RE ions which is associated with Fe-Fe interaction and 3d-4f coupling [93] . ɛr and tanδ decrease with increase in frequency and Tb 3+ content for Zn1−xTbxFe2O4 (x=0, 0.03, 0.06, 0.09, 0.12 and 0.15) is attributed to the obstruction incorporated in electron exchange mechanism caused by the lockup among Fe 3+ (3d) and Tb 3+ (4f) [94] . Similar effect is observed for Gd 3+ in ferrite [95] and Pr 3+ doped nickel ferrite [91] .
CHARACTERIZATIONS USING SYNCHROTON RADIATION BASED TECHNIQUES
Radii and magnetic moment of RE ions depend on valence state of RE ions (Fig. 2) . It is seen that valence state of these ions are affected by mtehod of synthesis and treatment [96, 97] . Ocupancy of RE ions among different sites are another important factor to discuss [98] which can not be exactly determined using Mösbauer simulation . Thus, there is need to properly investigate . 2(1) 2016, 03-11 www.appslett.com Copyright 2016 Asian Scientific Publishers REVIEW ARTICLE magnetic moments of each ions in ferrites as well as to investigate nature of interaction in these ferrites. Synchroton radiation based techniques like X-ray magnetic cricular dichroism (XMCD), X-ray absorption near edges stracture (XANES) and extended X-ray absorption structure (EXAFS) can provide information related to magnetic moment [99, 100] , valence state [97, 98, 101, 102] and cation distribution [103, 104] of ions in these ferrites. Additionally, These techniques will provide information of 3d-4f hybridization [101] [102] [103] [104] [105] . Thus in our previuos work we carried out X-ray absorption spectroscopy (XAS) for Ce doped nickel ferrite and observed the onset of mixed valecne state of Ce ions [97] . Mixed valence state (4+ and 3+ ) of these ions was investigated using Ce M-edge spectra (Fig. 7) . This work was further extended to get information of valence state of Dy ions in Dy doped cobalt ferrite synthesized using nitrate of metal ions and citrinc acid with sintering temperature of 700 o C. XAS of syntheised samples exhibit spectral features corresponding to M5 (~1280 eV) and M4 (~1316 eV) [105] . These spectral features reflect the onset of 3+ state of Dy ions. (Fig. 8) . No change of shape with increased doping showing same valence state.
CONCLUSON AND FUTURE PERSPECTIVES
Though, RE doped ferrites exhibit potential in variety of application however, RE ions exhibit limited solubility in spinel lattice. Solubility of these ions in spinel lattice can be increased by using suitable mehtod and thermal treatment. Magnetic interaction of these ferrites can not be properly explained independently by the nature of magnetic moments, A-B exchange interaction as well as magnetic state of host ferrite. Moreover, valence state and site preference of RE ions are not well addressed in ferrites. Though electrical behavior is explained on the basis of hopping mechanism, however variation of electrical properties with RE 3+ ion is not clear. Induced 3d-4f coupling due to presence of RE ions will also play important role to manupulate the electrical behvaior and magnetic behavior of these ferrites. We propose that synchroton radiation based techniques may provide important information to address these issues. Extended X-ray absorption spectroscopy is able to provide information for local distortion induced by larger ionic radii as well as cation occupacny of these ions. Any change of valence state of RE ions with concentration may be infer by this. X-ray magnetic cicrular dichroism study will further provide information about the magnetic interaction of these atoms. Thus to get information about magnetic interaction these tachniques are most suitable. 
